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PEEFACE 


The new kind of radiation known as X-rays, or Eontgen 
rays, from the name of their discoverer, were first observed and 
studied by Professor W. C. Eontgen, of the University of Wtirz- 
burg, in 1895, and the announcement of their discovery was 
made in a paper which appeared that year, and which is re- 
printed in this volume. As was noticed later these radiations 
had been previously detected and some of their properties 
noted by other observers, notably Professor Lenard ; but it i . 
to Eontgen' that we owe the first systematic study of the meth- 
ods of production and of the remarkable properties of these 
rays. Nearly all the general properties, both positive and neg- 
ative, were investigated by Rbntgen and carefully stated. 
These results are contained in the first three pages of this 
volume. 

The most important experiments, however, and those which 
have led to the most important conclusions, were made by Pro- 
fessor J. J. Thomson, of Cambridge. They proved the fact 
that a dielectric traversed by these radiations became a con- 
ductor, or, in other words, was ionized. This discovery in the 
hands of Professor Thomson and his students has led to a 
series of most interesting and important researches, all bearing 
upon the intimate connection between matter and electricity. 

Many hypotheses have been advanced to account for the pe- 
culiar properties of the X-rays. Eontgen himself at first was 
favorably inclined to the idea that they were waves due to lon- 
gitudinal vibrations in the ether, but later he was convinced 
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with transverse waves in the ether. There were grave obsta- 
cles, from many stand-points, to either of these theories, and 
the first suggestion which seemed to offer a satisfactory expla- 
nation of all the properties of the rays came when, instead of 
waves, the idea of pulses in the ether was introduced. This 
idea in its simplicity is that the cathode rays being negative- 
ly charged and travelling with great velocity, give rise to in- 
tensely sudden disturbances in the ether when their motions 
are stopped by reaching a solid obstacle. These disturbances 
are of the nature of irregular pulses, and their properties are 
quite different from those of regular trains of waves. 

This idea of accounting for Eontgen rays by the theory of 
pulses occurred almost simultaneously to Sir George Gabriel 
Stokes, to Professor J. J. Thomson, and to Professor Lehmann, 
of Karlsruhe. Stokeses paper, in which he explains his theory, 
is reproduced in full in this volume, as are also the essential 
portions of Professor Thomson's article. 
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ON A NEW KIND OF BAYS 


BY 

W. C. RONTGEN 


FIRST COMMUNICATION 

1. If the discharge of a fairly large induction-coil be made to 
pass through a Hittorf vacuum-tube^ or through a Lenard tube, 
a Crookes tube, or other similar apparatus^ which has been suf- 
ficiently exhausted, the tube being covered with thin, black 
card-board which fits it with tolerable closeness, and if the 
whole apparatus be placed in a completely darkened room, there 
is observed at each discharge a bright illumination of a pa- 
per screen covered with barium platino-cyanide, placed in the 
vicinity of the induction-coil, the fluorescence thus produced 
being entirely independent of the fact whether the coated or 
the plain surface is turned 'towards the discharge-tube. This 
fluorescence is visible even when the paper screen is at a dis- 
tance of two metres from the apparatus. 

It is easy to prove that the cause of the fluorescence proceeds 
from the discharge-apparatus, and not from any other point in 
the conducting circuit. 

2. The most striking feature of this phenomenon is the fact 
that an active agent here passes through a black card-board en- 
velope, which is opaque to the visible and the ultra-violet rays 
of the sun or of the electric arc ; an agent, too, which has the 
power of producing active fluorescence. Hence we may first 
investigate the question whether other bodies also possess this 
property. 

We soon discover that all bodies are transparent to this agent, 

3 
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though in very different degrees. I proceed to give a few ex- 
amples : Paper is very transparent ; * behind a bound book of 
about one thousand pages I saw the fluoresc^ent screen light 
up brightly, the printers^ ink offering scarcely a noticeable 
hinderance. In the same way the fluoreseem‘,e appearcnl behind 
a double pack of cards; a single card held Ixd.ween the ap- 
paratus and the screen being almost unnoticeablo to the eye. 
A single sheet of tin-foil is also scarcely perceptible ; it is only 
after several layers have been placed over ont^ another that 
their shadow is distinctly seen on the screen. Thick blocks 
of wood are also transparent, pine boards two or three centi- 
metres thick absorbing only slightly. A plate of aluminium 
about fifteen millimetres thick, though it enfeebled the action 
seriously, did not cause the fluorescence to disappear entirely. 
Sheets of hard rubber several centimetres thick still permit the 
rays to pass through them.f Glass plates of equal thickness 
behave quite differently, according as they contain lead (flint- 
glass) or not ; the former are much less transparent than the 
latter. If the hand be held between the discharge-tube and 
the screen, the darker shadow of the bones is seen within the 
slightly dark shadow-image of the hand itself. Water, carbon 
disulphide, and various other liquids, when they are examined 
in mica vessels, seem also to be transparent. That hydrogen is 
to any considerable degree more transparent than air I luive 
not been able to discover. Behind plates of copper, silver, 
lead, gold, and platinum the fluorescence may still be recog- 
nized, though only if the thickness of the plates is not too 
great. Platinum of a thickness of 0.2 millimetre is still trans- 
parent ; the silver and copper plates may even be thi<‘.ker. 
Lead of a thickness of 1.5 millimetres is practically opaque ; 
and on account of this property this metal is fre<}iiently most 

* By “transparency” of a body I denote the relative bri^ht.nesB of a 
fluorescent screen placed close behind the body, referred to the !>rightnes8 
which the screen shows under the same circumstances, though without the 
interposition of the body. 
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useful. A rod of wood with a square cross-section (20 x 20 
luillinietres), om‘. of whosi^, sides is painted white witli lead paint, 
behaves dilTerently a(5<H>rdiug as to how it is held between the 
apparatus and tlie screen. It is almost entirely without action 
when the X-rays pass through it parallel to the painted side ; 
whereas the stick throws a dark shadow when the rays are 
made to traverse it perpendicular to the painted side. In a 
series similar to that of the metals themselves their salts can 
be arranged with reference to their transparency, either in the 
solid form or in solution. 

3. The experimental results which have now been given, 
as well as others, lt‘.ad to the conclusion that the transpar- 
ency of dillerent substances, assumed to be of equal thick- 
ness, is essentially conditioned upon their density: no other 
property makes itself felt like this, certainly to so high a de- 
gree. 

The following experiments show, however, that the density 
is not the only cause acting. I have examined, with reference 
to their transparency, plates of glass, aluminium, calcite, and 
quartz, of nearly the same thickness ; and while these sub- 
stances are almost equal in density, yet it was quite evident 
that the calcite was sensibly less transparent than the other 
substances, which appeared almost exactly alike. No particu- 
larly strong lluores(jence (see p. G below) of calcite, especially 
by eomparison with glass, has been noticed. 

4. All substances with increase in thickness become less 
transparent. In order to find a possible relation between trans- 
pareiujy and thickness, I have made photographs (see p. G be- 
low) in which portions of the photographic plate were covered 
with layers of tin-foil, varying in the number of slieets super- 
posed. Photometric measuromouts of these will be made when 
1 am in possession of a suitable photometer. 

5. ShootB of i)latinum, lead, zinc, and aluminium were rolled 
of such thickness that all appeared nearly equally transparent. 
The following table contains the absolute thickness of these 
sheets measured in, millimetres, the relative thickness referred 
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Thickness 

Relative Thickness 

Density 

Pt 0.018 mm. 

i 

21.5 

Pb 0.05 “ 

8 

11.3 

Zn 0.10 “ 

6 

7.1 

A1 3.5 

200 

2.6 


We may conclude from these values that diferenfc metals 
possess transparencies which are by no means equal, even when 
the product of thickness and density are the same. The trans- 
parency increases much more rapidly than this product de- 
creases. 

6, The fluorescence of barium platino - cyanide is not the 
only recognizable effect of the X-rays. It should be mentioned 
that other bodies also fluoresce ; such, for instance, as the phos- 
phorescent calcium compounds, then uranium glass^ ordinary- 
glass, calcite, rock-salt, and so on. 

Of special significance in many respects is the fact that 
photographic dry plates are sensitive to the X-rays. We are, 
therefore, in a condition to determine more definitely many 
phenomena, and so the more easily to avoid deception; wher- 
ever it has been possible, therefore, I have controlled, by means 
of photography, every important observation which I have made 
with the eye by means of the fluorescent screen. 

In these experiments the property of the rays to pass almost 
unhindered through thin sheets of wood, paper, and tin-foil is 
most important. The photographic impressions can be ob- 
tained in a non-darkened room with the photographic plates 
either in the holders or wrapped up in paper. On the other 
hand, from this property it results as a consequence that un- 
developed plates cannot be left for a long time in the neighbor- 
hood of the discharge-tube, if they are protected merely by the 
usual covering of pasteboard and paper. 

It appears questionable, however, whether the chemical ac- 
tion on the silver salts of the photographic plates is directly 
caused by the X-rays. It is possible that this action proceeds 
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in the glass plate itself or perhaps in the layer of gelatin. 

Films ’’ can be used just as well as glass plates. 

I have not yet been able to prove experimentally that the 
X-rays are able also to produce a heating action; yet we may 
well assume that this effect is present, since the capability of 
the X-rays to be transformed* is proved by means of the ob- 
served fluoresence phenomena. It is certain, therefore, that 
all the X-rays which fall upon a substance do not leave it again 
as such. 

The retina of the eye is not sensitive to these rays. Even if 
the eye is brought close to the discharge-tube, it observes noth- 
ing, although, as experiment has proved, the media contained 
in the eye must be sufficiently transparent ‘to transmit the 
rays. 

7. After I had recognized the transparency of various sub- 
stances of relatively considerable thickness, I hastened to see 
how the X-rays behaved on passing through a prism, and to 
find whether they were thereby deviated or not. 

Experiments with water and with carbon disulphide enclosed 
in mica prisms of about 30° refracting angle showed no devia- 
tion, either with the fluorescent screen or on the photographic 
plate. For purposes of comparison the deviation of rays of 
ordinary light under the same conditions was observed ; and it 
was noted that in this case the deviated images fell on the 
plate about 10 or 20 millimetres distant from the direct image. 
By means of prisms made of hard rubber and of aluminium, 
also of about 30° refracting angle, I have obtained images 
on the photographic plate in which some small deviation may 
perhaps be recognized. However, the fact is quite uncertain ; 
the deviation, if it does exist, being so small that in any case 
the refractive index of the X-rays in the substances named 
cannot be more than 1.05 at the most. With a fluorescent 
screen I was also unable to observe any deviation. 

Up to the present time experiments with prisms of denser 
metals have given no definite results, owing to their feeble 
transparency and the consequently diminished intensity of the 
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Witli reference (.o (.he ^i;'tnu‘ral eonditions hert* irnolvi'd oa 
the one hand, and on (Jh^ other to the iniportanee of tlu^ (jiu's- 
tion wliether the X-rays can he rermeteil nr not on passiiiir 
from one inediuni inlo another, it is nnof fortiinalt* (hat tJds 
subject may be invest.i^it.ial in stil! another wav thati with 
the aid of prisms. Finely divid(*tl hodits in sntliei<*nt ly thick 
layers scatter the incident lii^ht ami alh»w only a litth* of i(. 
to pass, owing to reile<d.ion and rt‘fra<‘t ion ; so that if powders 
are as transparent to X-rays as the sann* substances are in mass 
— equal amounts of material being pre.supp<»sed it bdlowH at 
once that neither refraction nor n‘guiar ladhsaion takt‘S plat^e 
to any seivsiblo degnan Experinnmts wt‘n‘ tried with liiudy 
powdered rock-salt, with lino cletd roly tie si! verq>owfler, and 
with zinc-dust, such as is used in clnanietil itivt*s( igat iotis. In 
all these cases no dilference was dtd.eeiiHi hetwiam the trans- 
parency of the powder and tltal of the stshstama* in mass, 
either by observation with the fliiorestamt stnaam or with the 
photographic plate. 

From what has now been said it is oljvious that tlu^ X-rays 
cannot be concentrated by lenses; neither a large lens of hard 
rubber nor a glass lens having any inihuntee upon thmn. Tho 
shadow-picture of a round rod is tlarkm’ in the middle than at 
the edge; while the image of a tube whitdi is tille.d with a sub- 
stance more transparent than its own material is lighter at the 
middle tluiii at the edge. 

8. The question as to t!)e relleedJon of tln^ X-rays may be re- 
garded as settled, by the experiments mentioneti in the pre- 
ceding paragraph, in favor of the vit‘W that no notieeabh' rt^gti- 
lar reflection of the rays takes place from any of the snlmtamn^s 
examined. Other experiments, wliicth I Intre omit, lead to the 
same conclusion. 

One observation in this connection slimihl, h(wever, be imm- 
tioned, as at first sight it seems to prove tluf opposite. I ex- 
posed to the X-rays a photograp]n(‘, plate which wms protected 
from the light by black paper, and the glass sitle of winch was 
turned towards the diRcharim- tube f/iviiH,** f.hi» \* « rjiA'-ia. 'The 
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of j)laUmiiu, zinc, uu<l iiluiuiuium arranged in the 

form of a star. On tli(‘, (l(‘.V(‘Jo|)ed negative it was se(ni plainly 
tlnit tlu^ darkening under tlui platinnin, the lead, particu- 
larly the zinc, was stronger than under the other plates, the 
aluminiuin having exerted no action at all. It appears, tliere- 
fore, tliat these three metals rellecjt the rays. Since, however, 
other explanations of the stronger darkening are (tonceivablo, 
in a second expcn-iimmt, in order to be sure, I phuied between 
the sensitive film and the metal plates a piece of thin alumin- 
ium-foil, whi(di is opacpio to ultra-violet ray^s, but is very trans- 
parent to the X-rays. Hince the same result substantially was 
again obtained, the rellection of X-rays from the metals above 
named is proved. 

If we compare this fact with the observation already men- 
tioned that powders are as transparent as coherent masses, and 
with the further fact that bodies with rough surfaces behave 
like polished bodies with reforonce to the passage of the X-rays, 
as shown also in the last experiment, we are led to the con- 
clueion already stated that regular reflection does not take 
place, but that bodies behave towards the X-rays as turbid 
media do towards light. 

Since, moreover, I could detect no evidence of refraction of 
those rays in passing from one medium into anotlier, it would 
seem that X-rays move with the same velocity in all substances; 
and, further, that this speed is the same in the medium which 
is present everywhere in space and in which the particles of 
matter are imbedded. These particles hinder the propagation 
of the X-rays, the effect being greater, in general, the more 
dense the substance concerned. 

9. Accordingly it might be possible that the arrangement of 
particles in the substance exorcised an influence on its trans- 
parency; that, for instance, a piece of calcite might bo trans- 
parent in different degrees for the same thickness, according as 
it is traversed in tlu) direction of the axis, or at right angles to 
it. Experiments, however, on calcite and (piartz gave a nega- 
tive result. 
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from the results of hivS hoautiful o?i iln^ iniiisiois^ 

sion of the niys ot Ilillorl llirniiyh ii lliiii s!)<m*I ol 

aluminimn, that these ra.ys are phenomena of tin' etlnn*, ainl 
that they (liifnse t.hemselv(‘s thr()Ui;h all hodit's. \\'a rati stiy 
the same of our rays. 

In his most recent roseandi, Ijenanl has del tnunim'd tin* aJ»- 
sorptive power of (liirerent substances for tin* eathodi* rays, aiul, 
among others, luis measured it for air from almosplu'rie pn*ss- 
ure to 4.10, 3.40, 3.10, referred to I eetd itm‘t rt‘, accord i no; to 
the rarefaction of the gas coniaIn(‘d in tin* disehargt'-apparat us. 
Judging from the (]is(diarg(^ - pressun* as t‘stimali‘d from tht^ 
sparking distance, 1 laid to do in my (‘xperinnmts for the 
most part with rarefai'tions of the sanu‘ order of magnitutle, 
and oidy rarely with less or greatiu' ones. I have sn(‘{a‘(uitHl in 
comparing by means of the L. Weher photonudiu* — I do not 
possess a better one — the intensities, taken in utnnwjdnu'ut aiix 
of the fluorescence of my stu’eeu at two distamu's from the ilis- 
charge-apparatus — about 10() and 2tH) milliitteinvH ; and 1 have 
found from throe experiments, whi(di agrees very wtdl witJi (aieli 
other, that the inbensitios vary iuvers<*ly as tin* s({uarc*s of the 
distances of the screen from the discdiarge-apparatus. AeciUHl- 
ingly, air absorbs a far smaller fra(‘d.i<m of tin*. .X-rays tlnui of 
the cathode rays. This result is in tmtin^ agreement with the 
observation mentioned above, that it is still possible to deletT 
the fluorescent light at a distance of imdres from tlie dis- 
charge-nppa.ratu8. 

Other substances behave in gemu’ul like air; tlu^y an^ rnm’o 
transparent to X-rays than to cathode rays. 

11. A further dilfereiKie, and a nuKst important one, lH*tw<*en 
the behavior of catlnxh^ rays and of X-rays iit*s in the fact 
that I have not succeeded, in s[)itt‘ cd* many attempts, in ole 
taining a deflection of the X-rays by a magnet, v.Vim in very in- 
tense fields. 

The possibility of deflection by a inagnot has, up to tlie fires- 
ent time, served as a charactcristit*. i)ropi*rty of tin* eatliode 
rays; although it was observed by Hertz and lienurd tliat there 
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from each other by their production of phosphoresce!] ce, by the 
amount of their absorption, and by the extent of their deflec- 
tion by a magnet/" A considerable deflection, however, was 
noted in all of the cases investigated by them ; so that I do not 
think that this characteristic will be given up except for strin- 
gent reasons. 

12. According to experiments especially designed to test the 
question, it is certain that the spot on the wall of the dis- 
charge-tube which fluoresces the strongest is to be considered 
as the main centre from which the X-rays radiate in all direc- 
tions. The X-rays proceed from that spot where, according 
to the data obtained by different investigators, the cathode 
rays strike the glass wall. If the cathode rays within the dis- 
charge-apparatus are deflected by means of a magnet, it is ob- 
served that the X-rays proceed from another spot — namely, 
from that which is the new terminus of the cathode rays. 

For this reason, therefore, the X-rays, which it is impossible 
to deflect, cannot be cathode rays simply transmitted or re- 
flected without change by the glass wall. The greater density 
of the gas outside of the discharge-tube certainly cannot ac- 
count for the great difference in the deflection, according to 
Lenard. 

I therefore reach the conclusion that the X-rays are not 
identical with the cathode rays, but that they are produced by 
the cathode rays at the glass wall of the discharge-apparatus. 

13. This production does not take place in glass alone, but, 
as I have been able to observe in an apparatus closed by a 
plate of aluminium 2 millimetres thick, in this metal also. 
Other substances are to be examined later. 

14. The justification for calling by the name ""rays” the 
agent which proceeds from the wall of the discharge-apparatus 
I derive in part from the entirely regular formation of shad- 
ows, which are seen when more or less transparent bodies are 
brought between the apparatus and the fluorescent screen (or 
the photographic plate). 

I have observed, and in part photographed, many shadow- 
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charm. I possess^ for iostaiico, photo^icrnphs of the shadow of 
the profile of a door whicli vKopanites th<‘ rooms in which, on 
one side, the disoharge-apparaiius was phuHMl, on tlu‘ othm* the 
photographic plate ; the shadow of the lioncs of fhc hand ; ilu‘ 
shadow of a covered wire wrapped on a woodtm sjiool ; of a std. 
of weights enclosed in a box ; of a gulvanoimdt'r in which the 
magnetic needle is entirely emdosed by nu^tul; of :i pitaa^ of 
metal whose lack of homogeneity boeonn^s noiic<‘ablt‘ by means 
of the X-rays, etc. 

Another conclusive proof of the rectilinear [U'opagation of 
the X-rays is a pin-hole pliotograph whicdi I was ablc^ t(^ make 
of the discharge-apparatus while it was envtdopcd in black pa- 
per; the picture is weak but unmistakably (*orr(‘<*t. 

15. I have tried in many ways to detect int(‘rft»reiuai plu‘- 
nomena of the X-rays; but, unfortunately, withoiit smaums, 
perhaps only because of their feeble intensity. 

16. Experiments have been begun, but are not y<d, hnished, 
to ascertain whether electrostatic forces nitect the X-ruys in 
any way. 

17. In considering the question what are the* X-rays— whiedu 
as we have seen, cannot bo cathode rays— we may ptu’haps at 
first be led to think of thorn as ultra-violet light, owing to their 
active fluorescence and thoir chemical aetioiis. But in so doing 
we find ourselves opposed by the most weighty c^nnsidiu-aiiems. 
If the X-rays are ultra-violet light, this ligiit must have the 
following prof)ertie8: 

(a) On passing from air into water, carbon disulphide, alu- 

minium, rock-salt, glass, zin^, otc., it sufT(*rs no rmticeable re- 
fraction. " ^ 

(b) By none of the bodies named can it be regularly refleeiod 
to any appreciable extent. 

(c) It cannot be polarized by any of the oni inary metliods. 

(d) Its absorption is influenced by m^ other property of 
substances so much as by thoir (huisitv. 

That is to say, we must assume that these ultra-violcd rays 

behave entirelv rlilTAr<infhr ■f IVvtV, flw. *1.1 t 
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I have 1)0011 unable to come to this conclusion, and so have 
song'lit for another explanation. 

Tliere seems to exist some kind of relationship between the 
now rays and light rays; at least this is indicated by the for- 
mation of shadows, the lluorescence and the chemical action 
produced by tlieni both. Now, we have known for a long time 
that there can be in the ether longitudinal vibrations besides 
the transverse light-vibrations ; and, according to the views of 
different physicists, these vibrations must exist. Their exist- 
ence, it is true, has not been proved up to the present, and 
consequently their properties have not been investigated by 
experiment. 

Ought not, therefore, the new rays to he ascribed to longitu- 
dinal vibrations in the ether ? 

I must confess that in the course of the investigation I have 
become more and more confident of the correctness of this idea, 
and so, therefore, permit myself to announce this conjecture, 
although I am perfectly aware that the explanation given still 
needs further confirmation. 

Wurzburg, Physikalisches Institut der Universitat. 

December^ 1895 . 


SECOND COMMUNICATION 

Since my work must be interrupted for several weeks, I take 
the opportunity of presenting in the following paper some new 
phenomena which I have observed. 

18 . It was known to me at the time of my first publication 
that X-x'ays can discharge electrified bodies ; and I conjecture 
that in Lenard’s experiments it was the X-rays, and not the 
cathode rays, which had passed unchanged through the alu- 
minium window of his apparatus, which produced the action 
described by him upon electrified bodies at a distance. I have, 
however, delayed the publication of my experiments until I 
could contribute results which are free from criticism. 

These results can be obtained only when the observations are 
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tratod tlirough this window into tiu^ o!».»-r\ at ion 
I observed t!u‘. following phenomena : 

(a) ElocU-iliwl hotlics in uir, t-liari-v.i ruli.-r im^iiivclv nr 
negatively, nrc iliKchiirpM! if .X-niy-. luil iij.i.i. linnn; uinl t.lii« 
proeosfci goes on the inoro raio.lly ilo- inur.- inicno- rnys ure. 
llio intensity (iu‘ I’oys wa- imai,',! in liit-jr 'onion on a 
flnorosnoiit serocn ora |»iiofogra|iliii' |H.iti', 

It is iminuterial in gcniTal wIo'IIot liio ■•l.'.'i roi,-.| 
conductors or insulators, rp i.. ili- pri'o-n! I ianr r,.un.| 
any speoilic diirorcnco in th,. iM'lunior ..f .iiinr. n: l.n,!,,.. with 
reference to tlie rale of ilisehanri- ; ton' a to ti,.- heinu ior of 
positive and negative eleetrieii v. V.-f n , , , ’pi,. 

small dilTereiK'es may exist. 

{/>) If tlie eleetrifiei! eondin'Ior 1... ,tjrr..n(of,-,i not In air init 
by a solid insuliilor, a. //, puraDin, tl,.- rei/.D ,,,ii h.-i, ip,. 
action as would result, from evpo.-nre of ihe imMilann;- eiaelope 
to a flanio oonneetial to the earth. 

^ (a) If this insula, I, hie miveiope he snrnmn.h'.l hv a ,. 1 ,^ 0 . 
httiiig eoudiielor wliieh is eoniiee).-,) i,, ij,,. ...o :!,, are! whieh, 
like the insulator, is tran.spareni to the I'.eJiaiion pro’ 

duces oipho inner eleelrilied eomim-ior m. m tern «hieh eaii 

be (lctoo.ted by tny apparni us. 

(d) The ohsfO'Vn ! I* d .... r .. » . - 


rOnt<»kn rays 


air tiirougli wliicli X-rays have passed possesses the power of 
discliargiiig eleetrihed boditrs with wliieli it comes in con- 
tact. 

(e) If this is really tlje case, and if. further, the air retains 
this property for some time after it lias been exposed to t!ie 
X-rays, then it must be possible tu disdiarge electrified bodies 
which have not been themselves exposed to the rays, by cori- 
diictiiig to them air wdiieli has thus been exposed. 

e may convince ourselves in various ways tliat this con- 
clusion is correct. One method of experiment, although per- 
haps not the simplest, I shall describe. 

I used a brass tube 3 centimetres wide and 45 centimetres 
long; at a distance of some centimetres from one end a part 
of the wall of the tube was cut away and replaced by a thin 
aluminium plate; at the other end, through an air-tight cap, a 
brass ball fastened to a metal rod was introduced into the tube 
in such a manner as to be insulated. Between the hall and tlie 
closed end of the tube there was soldered a side-tube which 
could be connected with an exhaust-apparatus ; so that when 
this is in action the brass ball is subjected to a stream of air 
which on its way through the tube has passed by the aluinin- 
ium window. The distance from the window to the ball was 
over 20 centimetres. 

I arranged this tube inside the zinc chamber in such a posi- 
tion that the X-rays could enter through the aluminium win- 
dow of the tube perpendicular to its axis. The insulated ball 
lay then in tlie sliadow, out of the range of the action of these 
rays. The tube and the zinc case were connected by a con- 
ductor, the ball was joined to a Ilankel electroscope. 

It was now observed that a charge (either positive or nega- 
tive) given to the ball was not influenced by the X-rays so 
long as the air remained at rest in the tube, but that the 
charge instantly decreased considerably if by exhaustion the 
air which had been subjected to the rays was drawn past the 
ball. If by means of storage cells the ball was maintained at a 
constant potential, and if the modifled air was drawn coiitinn- 
ousiy throngh the tube, an electric tnirreiit arose just as if 
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the ball were connected to the wall of the tulu* hy a pooi* 
condnetor. 

(/') The question arises. How dotss tin* air lost* tln^ propcady 
which is given it by the X-rays ? It is not. ytd s(dth‘d wludher 
it loses this property gradually of itself — i. r,, without (toniing 
in contact with other bodies. On tiH> other hand, it is certain 
that a brief contact with a body of larger surfaetu which (1 o(ks 
not need to be electrified., can make the air inaetivtu Eor in- 
stance, if a thick enongli stopper of wadding is pushed into the 
tube so far that the modified air must pass through it Ixdore it 
reaches the electrified ball, the charge ou tln^ hall rtunains un- 
affected even while the exhaustion is taking phuau 

If the wad is in front of the aluminium window, the result 
obtained is the same as it would be without the wu<l ; a proof 
that it is not particles of dust which are the (uiiise of tlu^ ol)- 
served discharge. 

Wire gratings act like wadding; bnt the gratings must bo 
very fine, and many layers must be placxui ovin* (‘ueii other if 
the modified air is to be inactive after it is drawn through 
them. If these gratings are not connected to the t*urth, as has 
been assumed, but are connected to a source of (diud.ric- 
ity at a constant potential, I have always ol>Herv(ui c^xacdly 
what I had expected; but these experimeuts are not yet {com- 
pleted. 

(g) If the electrified bodies, instead of being in air, are 
placed in dry hydrogen, they are also diseJiargtuI by tin* X-rays. 
The discharge in hydrogen soomod to me to proctuxl scnne'wliat 
more slowly; yet this is still uncertain on account of tin* {lifli- 
culty of obtaining exacttly equal intensities of the X - rays in 
consecutive experiments. 

The method of filling the apparatus with hydrogtm piu'cludes 
the possibility that the layer of air which was originally pres- 
ent, condensed on the surface of the bodies, played any im- 
portant r6le. 

(A) In spaces which are highly exhausted the diwdiarge of a 
body by the direct iTicidonce of X-rays proceeds mmdi rnon^ 
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the ajuno vessels wlu^n ill led with air or hydrogen at atmos- 
pheric. pressure. 

[[.) Kx}Hu-iiuents a, re about to bo hoguu ou the behavior of a 
mixture of (ddorine ami hydrogen under the inlluence of X- 
rays. 

( / ) In (‘.omdusion I wonld like to lueiition that the results 
of iuv(\stigat:ions on the discduirging action of X-rays in which 
the iulliuuiee of the surrounding gas is not taken into account 
slioiild 1)(^ r(H*.eived with great caution. 

lb. It is advantageous in many (uises to include a Tesla ap- 
paratus ((‘.ondtmscu- and transformer) between the discharge- 
apparatus whieJi furnishes tlu^ X-rays and the induction-coil. 
This arrangement has the following advantages: first, the dis- 
charge-apparatus is less easily penetrated and is less heated; 
second, the vatuium maintains itself for a longer time,, at least 
in my self-construe.tod apparatus; third, many discharge-tubes 
under these conditions give more intense X-rays. With tubes 
which have not been exhausted sutliciontly or have been ex- 
hausted too mu(‘.h to bo driven satisfactorily by the induction- 
coil alone, the addition of tlio Tesla transformer renders good 
service. 

The question immediately arises — and I allow myself to men- 
tion it without being able to contrib\ito anything to its solu- 
tion at present — whether X-rays can be produced by a con- 
tinuous distdiargc under (jonstant diiforonce of potential; or 
whether variations of this potential are essential and neces- 
sary for the prodiud.i(>n of the rays. 

20. In paragraph 12 of my first memoir I announced that 
X-rays could originates not only in glass, but in aluminium also. 
In tlu‘ continuation of my exporimeuts in this direction I have 
not found any solid body which cannot, under the action of the 
(*atho(h‘ rays, prodiua,* X-rays. Tliore is also no reason known 
to me why licjuids and gases may not behave in the same man- 
ner. 

Q,uautitatav(MlilTm*(mc(‘s in tlu^ behavior of different substances 
have apinaired, how(‘vt*r. if, for iiiHLaii(u% the (kathode rays 
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millimetre tliiek, the other liiilf of aluniiiiiiini 1 nnllimetre 
thick, we see on the ])lu)to^j;‘ni[)hie iniaa't* of this plate, 

taken by means of a pin-hole (*anit‘ra, that tlu‘ platinum stmda 
out many more X-rays from the side struck i)y the catluale 
rayvS (the front side) than does the almniiiium from (he same 
side. However, from the rear side th(‘ platiniun i‘iuifs pra(‘- 
tically no X-rays, while the iiliiminium sends out rehilivtdy 
many. These last rays are produ(H‘d iti the front inyers of the 
aln minium and pass tlirough the plaU'. 

We can easily devise an explanation of this ohsiu-vatioii, yot 
it may be advisable to learn other properties of tiu*. X-rays be- 
fore so doing. 

it must bo mentioned, however, that there is u pra(‘tieal 
importance in the facts observed. For the prodn<dd<m of the 
most intense X-rays platinum is best snitial, atatording to my 
experiments np to the present. I have used for h<uu(‘ weeks 
with great success a discharge-apparatus in whie.h the taithode 
is a concave mirror of aluminium, ami the iunulo in n pluU* of 
platinum placed at the centre of curvat-ure of the nurror and 
inclined to the axis of the mirror at an angle of 45‘h 

21. The X-rays proc^eed iji this(‘ase fnun theaiunh*. I muat 
conclude, though, from experiments with apparatus (T tlilTiUHmt 
kinds that it is entirely immaterial, so far as tin* intiUisify of 
the X-rays is concerned, whether tlu^ place where tlu^ rays are 
produced is the anode or not. 

A discharge - apparatus was prepanul spcndally for experi- 
ments with the alternating currents of (he Tesla transformer; in 
it both electrodes were aluminium concave mirnu’s whose* axes 
were at right angles; at their (‘ommon cenfre of c‘urvature 
there was placed a [)latinum })la(.e to retudve tin* <‘uihode rays. 
Further information will bo given later as to the usefuhuiss of 
this apparatus. 

WuRZBeiKJ, Pliysikii]isi‘lu«H liwtitut (kir UaiverMitit, 


March 9, 1896. 
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FURTHER OBSERVATIONS ON THE PROP- 
ERTIES OF THE X-RAYS 

BY 

W. C. RONTGEN 


THIRD COMMUNICATION 

1. If an opaque plate be placed between a discharge-appara- 
tus* which is emitting intense X-rays and a fluorescent screen, 
in such a position that it shades the entire screen, there may still 
be noticed, in spite of the plate, an illumination of the barium 
platino-cyanide. This illumination can be seen even when the 
screen lies directly on the plate; and one is inclined at first 
sight to consider the plate as transparent. If, however, the 
screen lying on the plate be covered by a thick pane of glass, 
the fluorescent light becomes much weaker; and it vanishes 
entirely if, instead of using a glass plate, the screen is sur- 
rounded by a cylinder of sheet-lead 0.1 centimetre thick, which 
is closed at one end by the non-transparent plate, and at the 
other by the head of the observer. 

The phenomenon now described may be due either to diffrac- 
tion of rays of very great wave-length, or to the fact that the 
bodies which surround the discharge-apparatus and through 
which the rays pass, especially the air, themselves emit X-rays. 

* All the discharge-tubes mentioned in the following communication are 
constructed according to the principle given in paragraph 20 of my sec- 
ond paper. The greater portion of them I obtained from the firm of 
Greiner & Friedrichs, in Stutzerbacli i. Th., whom I wish to thank publicly 
for the material which has been furnished me in such abundance and 
without expense. 
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The latter explanation is tluj corriM*!, one, ns nniy 1)(‘ proviul 
with the followin^^ ap|)arn.ius, ainon.ir oilun’s : Tht^ re|)- 

resents a very thick-wnileti ^Inss ‘io rrnt inu‘trt\s hi^h 

and 10 centimetres broad, which is hv a t hi(‘k zinc pinto 

comenitMl on. At I and "i an* instnliul 
plates of h‘a<l in ilu‘ shape of careular 
segments; tliese are sonu^what larger^ 
than half the <'ross-sm’iion of Mu* jar, 
and prt^veni tin* X-rays, which (*ntc‘r 
through an opening in ilu* ziiu* plait* 
t'overed with a(a‘lluloid him, from n‘ach- 
ing dirtH‘tly tin* spact* ahovc^ tlu^ lead 
jhatt*, "L Mn Mu* uppt'r sidt* td Muh 
sheet of lead then^ is faslt*m*d a small 
barium platino - tyvanidt^ screi‘n, whit‘h 
iu‘arly fills ilie oniin* cross-S{*(‘ti<»n of the 
jar. 'fhis cannot in* struck t*itlicr hv the 
^ direct rays or by such as havt* sutTt»retl a 
single diffuse ronectiou at a solid hotly (c. //., tlu* glass wall). 
The jar is filled with duat-frec air htdore each t‘xpc‘rimt*ut. If 
X-rays are made to enter the jar in Hut*h a mannt‘r that they 
are all received upon the lead stn’een I, uo tluort‘sta*ncc is 
observed at 2; the fluorese(‘nt scr(‘en first begins t<> light up 
on the half not covered by the lead plaits 2 only wh(*n by tip- 
ping the bell-jar dirocl radiation reacht‘s tlu^ spatu* btdavt'tni 1 
and 2. If the bell-jar is now (*onne<‘t(*d to un as|)inilor-pump 
worked by a stream of wat(‘.r, it is observed that tin* iluores- 
cence becomes more and more weak ns tiu* tcxliaustion pro- 
ceeds; but wlieu the air is readmitteil tin* inttuisity again in- 
creases. 

Since now, as I have found, thti mere ctmiact with air which 
has been exposed shortly htdorti to X-rays docs not product! any 
sensible fluorescence of the barium plat ino-twanidc, wc* must 
coiicliule from the expt‘.riment d(!scrilH*d that air tiuring its ex- 
posure to radiation emits X-rays in all tlirtnd itms. 

Tf nnv evnsi .. i tlricnf 
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like a light burning in a room moderately filled with tobacco 
smoke ; perhaps the colors of the direct rays and of those 
coming from the particles of air might be different. 

The question as to whether the rays emitted by a body which 
is receiving radiation are of the same kind as those which are 
incident^ or, in other words, whether the cause of these rays is 
diffuse reflection or a process like fluorescence, I have not yet 
been able to decide. The fact that the rays coming from the 
air are photographically active can be proved easily ; and this 
action makes itself noticeable sometimes in a way not desired 
by the observer. In order to guard against this action, as is 
of ten necessary in long exposures, the photographic plates must 
be protected by suitable lead casings. 

2. In order to compare the intensity of the radiation of two 
discharge - tubes, and for various other experiments, I have 
used an arrangement which is based on the principle of the 
Bouguer photometer, and which, for the sake of simplicity, I 
shall call a photometer also. A rectangular sheet of lead 35 
centimetres high, 150 centimetres long, and 0.15 centimetre 
thick, supported on a board frame, is placed vertically in the 
middle of a long table. At each side of this is placed a dis- 
charge-tube, which can be moved along the table. At one end 
of the lead strip a fluorescent screen* is so placed that each 
half receives radiation perpendicularly from one tube only. 
In effecting the measurements, adjustments are made until 
there is equal brightness of the fluorescence on the two halves. 

Some remarks on the use of this instrument may find a place 
here. It should be mentioned first that the settings are often 
made more difficult by the lack of constancy of the source of 
radiation, the tubes responding to every irregularity in the 
interruption of the primary current, such as occur with the 

* In this and other experiments the Edison fluorescent screen has proved 
most useful. This consists of a box like a stereoscope which can be held 
light-tight against the head of the observer, and whose card-board end is 
covered with barium platino-cyanide. Edison uses tungstate of calcium 
in place of barium platiiio - cyanide ; but I prefer the latter for many 
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Deprez interrupter, and espe(MaIly with the Foucault instni- 
ment. Repi^atcd sottinfi^s are ther(‘fon‘ advif^ahlc. In the nee- 
one] place, I sliould hero enumeratt‘ llu‘ coiulitioius which in- 
fluence the brightness of a given lliioreseent scnuui striic.k by 
X-rays in such rapid auccession that the eyt‘ of tlu^ olmerver 
can no longer detect the intennittenoe of the radiation. This 
brightness depends (1) upon the intenaity of the ratliatiou 
which proceeds from the platinum plat(‘ of the dis(duirg(‘-tube; 
(2) very probably upon the kind of rays striking ilu^ screen, 
since all kinds of rays (see below) are not nt‘c(\ssarily e<|ually 
active in producing fluorescence ; (3) upon the distama^ of the 
screen from the centre of emission of the rays; (4) upon the 
absorption which the rays experience on tlieir way to the barium 
platino-cyanide screen; (5) upon the number of diseduirges 
per second; (6) upon the duration of each Bingle discdiargo; 
(7) upon the duration and the strength of the afterdllumiua- 
tion of the barium platino-cyanide; and (8) upon tlu^ radiation 
falling on the screen from the bodies which surround tim dis- 
charge-tube. In order to avoid errors, it must always be re- 
membered that the conditions are in general like which 
would exist if we had to compare, by means of Jluorescont 
action, two intermittent soureoB of light of different colors, 
which are surrounded by an absorbing envelope plaiuHl in a 
turbid — or fluorescing — medium, 

3. According to paragraph 12 of my first communication, 
the point in the discharge -apparatus whi<;h is struc^k by the 
cathode rays is the centre of emissiem of the X-rays, and from 
this these rays spread out ‘‘in all dircH^tions/’ It lH^(‘omes 
now of interest to determine how the intensity of the ratiiaiion 
varies with the direction. 

For this investigation the discharge-tubes bast suited to tlie 
purpose are those in the shape of a spliere, witli smoothly 
polished platinum plates, which are struck by the (uitlnHle rays 
at an angle of 45°. Even without further appliancim we can 
recognize from the uniformly bright tluonmcence of the hemi- 
snherical e^lass wall Rnrroinidinrr thfi nbiiJiuini ivUifj* flnii. v^rtr 
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exist; so that Lambert’s • law of emission does not hold in 
this case. Nevertheless, this fluorescence for the most part 
might still be due to the cathode rays. 

To test this question more accurately, several tubes were ex- 
amined by means of the photometer as to their radiation in 
different directions. Moreover, besides doing this, I have ex- 
posed with the same object photographic films bent into a semi- 
circle (radius 25 centimetres) about the platinum plate of the 
discharge-tube as a centre. In both experiments, however, the 
varying thickness of the different portions of the walls of the 
tube produced a disturbing action, because the X-rays, pro- 
ceeding in different directions, were unequally absorbed. Yet 
by interposing thin plates of glass I finally succeeded in mak- 
ing the thickness of glass traversed about the same. 

The result of these experiments is that the radiation through 
an imaginary hemisphere, described around the platinum plate 
as a centre, is nearly uniform almost out to the edge. It was 
not until the emission angle of the rays was about 80® that I 
noticed the beginning of a decrease in the radiation ; and even 
then this decrease was relatively very small ; so that the main 
change in the intensity occurs between 89® and 90°. 

No difference in the kind of rays emitted at different angles 
have I been able to detect. 

As a consequence of the distribution of intensity of the X- 
rays, as now described, the images of the platinum plate which 
are received — either on a fluorescent screen or on a photo- 
graphic plate, through a pin-hole camera or with a narrow slit 
— must be more intense the greater the angle which the plati- 
num plate makes with the screen or with the photographic 
plate ; always presupposing that this angle does not exceed 
80°. By means of suitable appliances which allow comparisons 
to be made between the images received simultaneously at dif- 
ferent angles from the same discharge-tube, I have been able 
to confirm this conclusion. 

A similar case of distribution of the intensity of emitted rays 
occurs in Optics in the case of fluorescence. If a few drops of 
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filled with water, and if at t]K3 same time w<‘ ilium in ;it(* Uk* 
tank with white or with violet li<>:ht, we obscu*V(^ that, the 
brightest fluoresccMce [)rocoeds from the of the thnaids 

of the slowly sinking lluoroscein^ — i, e., frotn tlu^ places where 
the emission angle of the lluorcseent liglit is tlu^ greatt^st. As 
Stokes has remarked, d pro/m of a similar experiimmt, this 
phenomenon is due to the fact that the rays whirh prodm^e 
fluorescence are absorbed by the fluorescein solution mmdi 
more strongly than is the fluorescent light itself. Now it is 
worthy of note that the cathode rays, whit‘h produc‘e the 
X-rays, are absorbed by platinum mmdi mon^ than are the 
X-rays, and it is easy to conjecture from tins that a rcdation- 
ship exists between the two phenomena^ — the transformation of 
ordinary light into fluorescent light, and that of cathode rays 
into X-rays. A conclusive proof, of any kind, of such an as- 
sumption is not known at the present time, however. 

Moreover, with reference to the technique of tin* production 
of shadow pictures by means of X-rays, the observaticms on the 
distribution of intensity of the rays proceeding outward from 
the platinum plate have a certain importance. AiU'ording to 
what has been stated above, it is advisable to phum the dis- 
charge-tube in such a position that the rays used in producing 
the image shall leave the platinum plate at as great an angles as 
possible, though this should not bo much over Hd'b By this 
means the sharpest pictures are produced ; aTul, if the platinum 
plate be perfectly plane, and the construction of the tube of 
su.ch a kind that the oblique rays pass through a not materially 
thicker glass wall than those rays which are emitted perpen- 
dicular to the platinum plate, then the radiation on the object 
suffers no loss in intensity. 

4. I have designated in my first communication by 'Hrans- 
parency of a body the ratio of the brightness of a fluorescent 
screen placed perpendicular to the rays, and close behind the 
body, to that which the screen shows when viewed under the 
same conditions, but with the body removed. Hpecific trans- 

^ *11 1 1 j . T . . . . 
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dth root of the transparency, if d is the thickness of the layer 
traversed, measured in the direction of the rays. 

In order to determine the transparency, I have used prin- 
cipally, since my first communication, the photometer described 
above. The body to be investigated — aluminium, tin-foil, glass, 
etc., made in the form of a plate— was placed before one of the 
two equally bright fluorescent halves of the screen; and the 
inequality in brightness thus produced was made to vanish, 
either by increasing the distance of the radiating discharge- 
apparatus from the uncovered half of the screen, or by bringing 
the other tube nearer. In both cases the correctly measured 
ratio of the squares of the distances of the platinum plates of 
the discharge-tubes from the screen, before and after the dis- 
placement of the apparatus, is the desired value of the trans- 
parency of the interposed body. Both methods led to the 
same result. By the addition of a second plate to the first, the 
transparency of the second plate may be found in a similar 
manner for rays which have already passed through one. 

The method above described presupposes that the brightness 
of a fluorescent screen varies inversely as the square of its dis- 
tance from the source of rays, and this is true, in the first 
place, only if the air neither absorbs nor emits X-rays, and if, 
secondly, the brightness of the fluorescent light is proportional 
to the intensity of emission of rays of the same kind. The 
first condition is certainly not • satisfied, and it is doubtful 
whether the second is ; I convinced myself long ago by ex- 
periment, as already described in paragraph 10 of my first com- 
munication, that the deviations from the law of proportion- 
ality are so small that they can be safely neglected in the case 
before us. It should be mentioned with reference to the fact 
that X-rays also proceed from the irradiated body, first, that a 
difference in the transparency of a plate of aluminium 0.925 
millimetre thick, and of 31 aluminium sheets laid upon one 
another, each of a thickness of 0.0299 millimetre — 31 x 
0.0299=0.927 — could not bo detected with the photometer 
used ; and, second, that the brightness of the fluorescent 
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front of the screen and when it was placiMl at a greater dis- 
tance from it. 

For aluminium, the results of this (‘X'perinumt on trans- 
parency are as follows : 

TRANSrARENOY FOR PRUFENDrCULA U HaYS 




TniK 2 

Ti’hk W 

Ti‘hk 4 

Tinm 2 

The first 1 mm. tliick 

Al. plate 

0.40 

0.45 


O.ftS 

The second 1mm. 


0.55 

O.OS 


o.?5 

The first 2 mm. 

£S iv 

-- 

0.50 

0.50 

0.50 

The second 2 mm. ‘ ^ 

<r«. it 

— 

0.5i> 

0.54 

0.05 


Prom these experiments, and from similar om^s on glass and 
tin-foil, we deduce at once the following result. : if we imagine 
a substance divided into layers of equal thickness, placard ptu*- 
pendicular to parallel rays, each of these layt'rs is mon^ trans- 
parent for the transmitted rays than tiu^ om* ht*fon^ it ; or, in 
Other words, the specitic transparency of a siibsiun(*e intu’eases 
with its thickness. 

This result is completely in accord with what may h('. ob- 
served in the photograph of a tin-foil scale* as descrilHHi in par- 
agraph 4 of my first communication ; ami alsty with the fact 
that in photographic pictures the shadow of thiti sheets— c.//,, of 
the paper used to wrap up the j>late— is proporiitmally Htrongly 
marked. 

5. Even if two plates of dilTerent substances are t*(|ually 
transparent, this equality may not persist when the thickiicsH 
of the plates is changed in the same ratio, uotliing else ludng 
altered. This fact may be proved most i'asily by the help of 
two scales placed side by side ; for instanc’c, oim of platinum, 
the other of aluminium. I used for this purpose platinum-foil 
0.0026 millimetre thick, and aluminium - foil o.o2U!) milli- 
metre thick. I brought the double Hc‘alc htdort^ tht» fluorcH- 
cent screen, or before a photographic plate*, atid alhuvcal ravs 
to fall upon it • I found in one case that a single! shetd, of plat- 
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eqiia,l iloh to that of a twelve-fold layer of aliuniniurn, but to a 
sixtceen-fold layer. Usiuf; another (lis(diar^*(stul)e, 1 obtained, 
1 platinum S aluminium ; S platinum IK) aluminium. It 
followB from theses ex})erimeuts, theiad'ore, that the ratio of the 
thickncwss of platinum and aluminium of equal transparency is 
smaller in proportion as the layers in question become thicker. 

G. The ratio of the thicknesses of two equally transparent 
plates of dilTereut materials depends also upon the thickness 
and the material of the body- — the glass wall of the dis- 
charge-ap})aratus - which the rays must lirst traverse before 
they reach tlu3 plates in question. 

In order to prove this conclusion — which is not surprising 
after what has been said in sections 4 and 5 — we may use an 
arrangement whicdi I call a platinuxn-aluminium window, and 
which, as we shall see, may also bo used for other purposes. 
This consists of a recjtangular piece (4.0 x C.5 centimetres) of 
platinum-foil of ().()02G millimetre thickness, which is cement- 
ed to a thin paper screen, and through which are punched 15 
round holes, arranged in three rows, each hole having a diame- 
ter of 0.7 centinuda’c. IMiese little windows are covered with 
panes of aluminium, 0.0290 millimotro thick, which fit exact- 
ly, and arc cjarcfully superposed in such a way that at the first 
window there is one disk ; at the second, two, etc. ; finally, at 
the fifteenth, fifteen disks. If this arrangement be brought in 
front of the fiuorosceut screen, it maybe observed very plainly, 
in case the tubes are not too hard (see below), how many alu- 
minium shoots have the same transparency as the platinum- 
foil. This number will be called the window-number. 

For the window-uumlxu' I obtained in one case by direel ra- 
diation the value 5. A plate of common soda-glass, 2 milli- 
metrcB thick, was then held in front; the window-number was 
10. Ho that the ratio of the thic^knoss of the platinum and alu- 
minium sheets of equal transparency was reduced one -half 
when 1 used rays which had passed througli a plate of glass 2 
millimetres thick ins^tead of using those coming direct from the 
discharge-apparatus. Q. K. 1). 
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: Tlip - alnmiiiinni window was laid upon a 

-ni.di whiidi i*ontaintMl i*i dims, and was 

liifii ; uftiT ileVid<i|Mn«uit, tlio first iiliii lying under 

the iniidiiif the wimhnv-niunber 10, the twelfth the 

iiiimlier i:i; and the others, in proper order, the transition 
fnjfii 10 to 13. 

7. The eiperimenta communicated in sections 4, 5, and G 
refer to tlie mod ifieat ions which the X-rays coming from a dis- 
eliiifge-tiilie experience on passing through different substances. 
It Will now be |)roved that one and the same substance, with 
tlie same thickness traversed, may be transparent in different 
degrees to rays w’hieh are emitted by different tubes. 

In the following table are given, for this purpose, the values 
cjf the transparency of an aluminium plate 2 millimetres thick 
for rajs produced in different tubes. Some of these values are 
taken from the first table on page 28 : 

TajJiaPAEKHCT FOE Pehpendicular Radiation 

Tubis 

1 2 3 4 2 5 

of an AL plate 2 mm. thick, 0.0044 0.22 0.30 0.39 0.50 0.59 

The discdiarge- tubes are not materially different in their 
coristruetioii or in the thickness of their glass walls, but vary 
mainly in the degree of exhaustion of the contained gas and in 
the discharge -potential which is conditioned by this; tube 1 
rerpiires the lowest, tube 5 the highest, potential; or, as we 
shall say, to be brief, tube 1 is the softest, tube 5 the 
‘“hardest. The same induction-coil — in direct connection 
with the tubes-— the same interrupter, and the same strength of 
current in the primary were used in all the cases. 

AH the niaiij other bodies which I have investigated behave 
in the same maniier as aluminium ; all are more transparent 
for the rajs of a harder tube than for those of a softer one.^^ 
I Ills fact seenas to me to be worthy of special consideration. 


* Wow for tlie beliavior of “ non-aormal tubas. 
30 
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The ratio of the thicknesses of two equally transparent 
plates of different substances is also dependent upon the hard- 
ness of the tube used. This may be recognized immediately 
with the platinum-aluminium window (§ 5) ; with a very soft 
tube^, for example, the window-number may be found to be 2 ; 
while with a tube which is very hard, but otherwise the same, 
the scale which reaches No. 15 does not extend far enough. 
This means, then, that the ratio of the thicknesses of platinum 
and aluminium of equal transparency is smaller in proportion 
as the tubes from which the rays come are harder, or — with 
reference to the result reported above — as the rays are less 
easily absorbed. 

Tlie different behavior of rays produced in tubes of different 
hardness is self-evident also in the familiar shadow-pictures of 
hands, etc. With a very soft tube, dark pictures are obtained 
in which the bones are not very prominent ; by using a harder 
tube the bones are very plain and all the details are visible, the 
soft parts, on the contrary, being weak; while with an ex- 
tremely hard tube only faint shadows are obtained, even of the 
bones. From what has been said it follows that the choice of 
the tube to be used must depend upon the constitution of the 
object to be pictured. 

8. It still remains to note that the quality of the rays fur- 
nished by one and the same tube depends upon a variety of 
conditions. As the investigation made with the platinum- 
aluminium window shows, this is influenced : (1) By the man- 
ner and perfection with which the Deprez or Foucault inter- 
rupter* works— e., by the variation of the primary current ; 
to this belongs the phenomenon so often observed, that single 
discharges out of a rapid succession produce X-rays which are 
not only particularly intense, but which are distinguished from 
the others by the [sliglii] extent to which they are absorbed ; (2) 
by a spark-gap which is included in the secondary circuit of 
the discharge-apparatus ; (3) by including in the circuit a Tesla 

* A good Deprez interrupter works more regularly than a Foucault 
annaratiis : the latter, however, utilizes the primary current better. 



